Nonpolar and medium polarity fractions from whole plant methanolic extracts of Stevia monardifolia afforded the new 7β-angeloyloxy-8α-isovaleroyloxylongipin-2-en-1-one 1 along with known 7β,8α-diangeloyloxylongipin-2-en-1-one 2 and 7β,8α-diangeloyloxylongipinan-1-one 3. Alkaline hydrolysis of a mixture of 1 and 2 gave 7β,8α-dihydroxylongipin-2-en-1one 4 which was subjected to a single crystal X-ray diffraction study. The new compound 1, which is the third 7β,8α-dihydroxylongipin-2-en-1-one diester natural product isolated from a Stevia especies, was fully characterized by oneand two-dimensional NMR spectroscopy and its absolute configuration was confirmed as the 4R,5S,7S,8S,10R,11R enantiomer by vibrational circular dichroism (VCD) measurements in comparison to calculation at the B3LYP/DGDZVP level of theory.
The large genus Stevia, consisting of approximately 400 species, has been the subject of extensive chemical studies resulting in the isolation of sesquiterpenoids such as the guaianolides, germacranolides and longipinene derivatives these being representative and frequently found secondary metabolites [1, 2] . The more common longipinene derivatives are those in which a carbonyl group at C-1 and hydroxyl or ester groups at C-7, C-8, and C-9 are located. To our knowledge, only two 7β,8α-dihydroxylongipin-2-en-1-one diesters have been isolated from Stevia species [3a-3c] , in contrast to the the more widely distributed 7β,9αdihydroxylongipin-2-en-1-one diesters. The absolute configuration of this type of secondary metabolites was established by chemical correlation [4] and from comparison of electronic circular dichroism (ECD) curves of 7β,9α-dihydroxylongipin-2-en-1-one and its acetate with bulgarone B [5] .
Further to our previous studies [6] , this work describes the chemical constituents of the nonpolar and medium polarity fractions from whole plant methanolic extracts of Stevia monardifolia which afforded the new 7β-angeloyloxy-8α-isovaleroyloxylongipin-2-en-1-one 1, along with known 7β,8αdiangeloyloxylongipin-2-en-1-one 2 [3b] and 7β,8αdiangeloyloxylongipinan-1-one 3 [7] . We also confirmed the biogenetic assumed absolute configuration of 1 as 4R,5S,7S,8S,10R,11R by comparing [8] its VCD spectrum with that generated by density functional theory (DFT) [9] calculations at the B3LYP/DGDZVP level. In addition, the alkaline hydrolysis of a mixture of 1 and 2 afforded diol 4, a monocrystal of which facilitated a X-ray diffraction study. Its derived diacetate 5 was also studied by VCD.
The hexane soluble fraction from the methanolic extract was subjected to further chromatography to yield a mixture of 1 and 2 (9:1) that was separated by HPLC using a silica column and hexane-MeOH (99:1). Compound 1 (Figure 1 ) was obtained as colorless oil, and its molecular formula was deduced as C 25 data assignment, shown in the experimental section, was made as above. In addition to mixtures of 1 and 2, chromatography of the AcOEt soluble fraction from the MeOH extract afforded compound 3 which was identified by comparison of its 1 H and 13 C NMR data with those described [7] . Slow recrystalization of 4 from a 7:3 hexane-AcOEt mixture yielded suitable prisms for single crystal X-ray difraction analysis. Figure 2 ilustrates the molecular perspective which shows the relative stereochemistry for H-7 and H-8 with dihedral angles for H 7 -C 7 -C 8 -H 8 , H 4 -C 4 -C 5 -H 5 and H 5 -C 5 -C 11 -H 11 of 169.7, 96.0, and -100.2°, respectively. In addition the crystal structure shows molecular disorder [11] at the 15-Me group.
The absolute configuration of 1 was confirmed from VCD studies in which the experimental spectra of the natural product and its acetylated derivative (5) were compared with the respective theoretical curves (Figures 3 and 4 ) generated from the VCD frequencies calculated using DFT at the B3LYP/DGDZVP level of theory for the relevant conformers. The molecular modeling was started with conformational searching employing the Monte Carlo protocole [12] at the MMFF94 [13] molecular mechanic force field. The Monte Carlo analysis at the MMFF94 level gave 83 conformers for 1 within the first 10 kcalmol -1 . All conformers were submitted to geometry optimization using DFT calculations at the B3LYP/6-31G(d) level [14] , from which a cutoff at 2.5 kcalmol -1 gave 18 conformers that were further optimized at the B3LYP/DGDZVP level of theory to give the 13 most stable conformers, contributing to 96.7% of the total conformational preferences. After geometry optimization, free energy, IR and VCD frequencies were obtained for the relevant conformers. The final calculated VCD spectrum (Figure 3) was obtained by weighting the spectra of each conformer considering the equilibrated population, calculated from their free energies, using a Boltzmann distribution. The large number of conformers originated by the high degree of conformational freedom of the ester groups is the analysis at the MMFF94 level gave 17 conformers, which were optimized at the B3LYP/6-31G(d) level to give the three most stable conformers, contributing to 99.85% of the population. The final calculated B3LYP/DGDZVP VCD spectrum for 5 was obtained by weighting the spectrum of each conformer according to their free energies (Figure 4) .
Comparison of the experimental VCD curves of (+)-1 and (+)-5 showed good agreement with those calculated for (4R,5S,7S,8S,10R,11R)-7β-angeloyloxy-8α-isovaleroyloxylongipin-2-en-1-one 1, and (4R,5S,7S,8S,10R,11R)-7β,8α-diacetyloxylongipin-2en-1-one 5, respectively, confirming the absolute configuration of the new natural product.
From this study it appears a reasonable strategy to substitute acetyl groups for the more complex and conformationally flexible substituents when doing conformational calculations for VDC purposes.
Experimental
General: 1 H, 13 C and 2D NMR spectra were recorded in CDCl 3 as solvent on Varian Mercury 300 (75 MHz for 13 C NMR) or Varian System 500 (125 MHz for 13 C NMR) spectrometers at 298 K. Chemical shifts are given in ppm (δ) and were referenced to the TMS signal (0 ppm). IR spectra were measured in CHCl 3 on a Perkin Elmer 2000 FT-IR spectrophotometer. Optical rotations were determined in CHCl 3 using a Perkin Elmer 341 polarimeter. High resolution mass spectra were measured on a JGCmate II Jeol spectrometer. Column chromatography was carried out on Merck silica gel (100-200 mesh ASTM). HPLC separations were achieved on a Perkin Elmer Serie 200 chromatograph using an Alltech Econosil silica column having dimensions of 4.6 mm i.d. x 250 mm legth with 5 μm particle size, and UV detection at 254 nm. 
Extraction and isolation:
The air-dried powdered whole plants of S. monardifolia (0.8 kg) were extracted at room temperature with methanol (3 L) for three days (x3). The resulting dried methanolic extract (27.1 g) was suspended in water-methanol 7:3 (V:V) and extracted suscessively with hexane and AcOEt to give, after solvent evaporation, 11.7, 4.0 and 10.5 g of the nonpolar, medium polarity and polar fractions, respectively. The hexane residue obtained as dark green viscous oil, was dissolved in acetone, kept at 0 ºC for 12 h and filtered to remove fatty materials. The filtrate was evaporated and 6.0 g of the residue were chromatographed over silica gel (170 g). Fraction of 50 mL were collected using hexane (400 mL), mixtures of hexane-EtOAc (49:1) 400 mL, (97:3) 900 mL, (19:1) 400 mL, (9:1) 200 mL, (4:1) 800 mL, (3:1) 400 mL, (7:3) 500 mL, (3:2) 1000 mL, (1:1) 300 mL and EtOAc 200 mL as eluents. After TLC evaluation, 8 main fractions were obtained A (1-26), B (27-40), C (41-58), D (59-74), E (75-90), F (91-105), G (106-123) and H (124-140). 1 H NMR analysis of fractions A-C showed the presence of complex mixtures, which were analyzed by capillary GC-MS using an HP-5, 25-m column. Dibutyl phtalate, di-n-hexyl phtalate, β-caryophyllene, phytol, trans,trans-2,4-decadienal, heptadecane and 1,2,3,4,4a,9,10,10a-octahydro-1,4adimethyl-7-(1-methylethyl)-1-phenanthrenecarboxylic acid were identified by comparison with the spectra from the Jeol MS library. Stigmasterol (11 mg) was isolated from fraction D. Fraction F (370 mg) underwent further chromatography over silica gel (40 g) using mixtures of hexane-EtOAc (19:1) 400 mL and (9:1) 500 mL by collecting 45 fractions of 20 mL. From fractions 23-25 a mixture of 7βangeloyloxy-8α-isovaleroyloxylongipin-2-en-1-one 1 and 7β,8α-diangeloyloxylongipin-2-en-1-one 2 was isolated, which were separated by HPLC using a silica (250 x 4.6 mm with 5 μm particle size) column and hexane (flow 1 mLmin -1 , injecting 1 mg) as eluent, to give 2 (5 mg, Rt = 21.0 min) and 1 (7 mg, Rt = 25.7 min). The EtOAc fraction obtained as dark green viscous oil (4.0 g), was chromatographed over silica gel (40 g) as for the hexane fraction. After TLC, 9 main fractions A (1-31), B (32-48), C (49-68), D (69-85), E (86-105), F (106-121), G (122-142), H (143-161) and I (162-180) were obtained. Fraction A (115 mg) underwent further chromatography over silica gel (40 g) using mixtures of hexane-EtOAc (19:1) 400 ml and (9:1) 400 mL to yield 40 fractions of 20 mL. From fractions 10-12 was isolated 7β,8α-diangeloyloxylongipin-1-one 3, The combined fraction of B and C (680 mg) underwent further chromatography over silica gel (80 g) as above to give a mixture (2:3) of 1 and 2 (40 mg). This procedure was repeated several times.
Alkaline hydrolysis of the mixture of 1 and 2: A 2:3 mixture of 1 and 2 (110 mg) was dissolved in MeOH (1 mL), treated with 0.4 mL of a KOH in H 2 O (0.75 g/mL) solution, stirred at room temperature for 20 min, extracted with AcOEt and washed with water until neutralization. The organic layer was dried over anh. Na 2 SO 4 , filtered and the solvent evaporated under reduced pressure. The residue was purified by silica gel column chromatography to yield 4 (51 mg, 76.9%), which after recrystalization provided crystals suitable for X-ray analysis.
Single crystal X-ray analysis of 4:
The crystals were grown by slow crystallization from a hexane-AcOEt (7:3) mixture. A prism measuring 0.36 x 0.32 x 0.28 mm was mounted on a Bruker-Nonius CAD4 diffractometer using Cu Kα radiation (λ = 1.54184 Ǻ). The data were collected at 293(2) K in the ω-2θ scan mode. It revealed the molecular formula C 15 H 22 O 3 ; M = 250.33; orthorhombic; space group P2 1 2 1 2 1 ; a = 7.496(3) Ǻ, b = 10.668(4) Ǻ, c = 17.327(3) Ǻ, V = 1385.7(7) Ǻ 3 ; Z = 4; ρ = 1.20 mg/mm 3 . Unit cell refinements were done using the CAD4 Express V2.0 software. The structure was solved by direct methods using the SHELXS-97 crystallographic sofware package. For the structural refinement, the non-hydrogen atoms were treated anisotropically, and the hydrogen atoms, included in the structure factor calculation, were refined isotropically. It provided μ = 0.657 mm -1 ; reflections: total = 1096, unique = 1043 (R int = 0.0001), observed 989, final R indices [I > 2σ(I)] R 1 = 3.8%, wR 2 = 10.3%. Crystallographic data deposited at the Cambridge Crystallographic Data Centre (deposition No. 726960) can be obtained free of charge on application to the CCDC, 12 Union Road, Cambridge CBZ IEZ, UK. Fax: +44-(0)1223-336033 or e-mail: deposit@ccdc.cam.ac.uk. The crystal structure is shown in Figure 2 .
VCD measurements: VCD spectra were measured on a BioTools BOMEM ChiralIR spectrophotometer equiped with a single photoelastic modulator. Solutions of 6.8 mg of 1, or 7.2 mg of 5, were dissolved in 150 μL of 100% atom-D CDCl 3 , placed in a BaF 2 cell with a pathlength of 100 μm and data were acquired at a resolution of 4 cm -1 during 10 h for 1, and five 1 h blocks for 5. Baseline corrections were done by subtracting the spectrum of the solvent acquiered under the same conditions. VCD Calculations: MMFF94 force-field calculations were used for initial geometry optimization. The E MMFF94 value was used as the convergence criterion, and a further search with the Monte Carlo protocol [12] was carried out unrestricted. A total of 83 structures for 1 and only 17 for 5 were found in an energy cut-off of 10 kcal/mol. All structures were submitted to geometry optimization by DFT [9] at the B3LYP/6-31G(d) level of theory using the Spartan'04 program which gave 18 conformers for 1 and only three conformers for 5 in the initial 2.5 kcal/mol range. These structures were further optimized at the DFT B3LYP/DGDZVP level of theory using the Gaussian'03W program, which gave only 13 conformers for 1 and 3 conformers for 5 in the initial 2.5 kcal/mol energy range, accounting for 96.7 and 99.9% of the conformational population, respectively. Calculations of IR and VCD frequencies for each final geometry optimized conformer were then performed at the DFT B3LYP/DGDZVP level of theory using the Gaussian 03W software. (4R,5S,7S,8S,10R,11R)-7β-Angeloyloxy-8αisovaleroyloxylongipin-2-en-1-one ( (4R,5S,7S,8S,10R,11R)-7β,8α-Dihydroxylongipin-2-en-1-one ( 
